Chemical analyses of the 'small granules' or microsomes isolated by the differential centrifuging of dispersions of animal tissues have been reported by a number of workers (see review by Schneider & Hogeboom, 1951) . The results show that such microsomes contain a high proportion of ribonucleic acid (RNA) and lipid in addition to protein. About 50 % of the total cellular RNA occurs in these particles. Mitochondria from animal tissues such as rat liver also contain a large amount of lipid (about 30 % of the dry weight) but usually much less RNA than do microsomes (see Ada, 1949; Schneider & Hogeboom, 1951) .
However, there are few published analyses of the cytoplasmic particles isolated from dispersions of plant tissues. Stafford (1951) found that the proportion of RNA in particles isolated from disrupted pea seedlings varied from 0.10% of RNA phosphorus in the larger particles to 0-24% in those which sedimented only when centrifuged at 60 000 g for 30 min. The 'mitochondria' contained 30 % of lipid and some deoxyribonucleic acid (DNA) (0.07-0-1 % of DNA phosphorus), which was considered to arise as a contamination from disrupted nuclei. Brown, Jackson & Chayen (1953) analysed particles sedimented from dispersions of bean roots. The RNA (as mg./mg. of total nitrogen) varied from a value of 0 5 for particles sedimented at 1400 g for 1 hr. to 1 01 for particles sedimented between 25000g for 1 hr. and 130000g for 2 hr.
In a previous paper (Martin & Morton, 1956a ) the isolation of microsomes and mitochondria from silver beet was described. These cytoplasmic particles were characterized in terms of their enzymic properties. The present paper describes analyses of these isolated cytoplasmic components to determine the lipid, RNA, DNA and protein contents.
To obtain a reliable estimation of both RNA and DNA, several different analytical procedures were compared. In agreement with Stafford (1951) and McClendon (1952) , it has been found that procedures used by earlier workers do not give satisfactory values for RNA and DNA in the particles isolated from plant tissues. An improved analytical procedure is described. It has been found that the microsomes and mitochondria of silver beet contain similar amounts of nucleic acids but differ markedly in the content of lipids.
MATERIALS AND METHODS
Nucleic acids. RNA and DNA standards for the ribose and deoxyribose estimations were semi-purified preparations kindly supplied by Mr G. L. Ada. The RNA (from yeast) was purified by the method of , and the DNA (from thymus gland) by the method of Signer & Schwander (1949) . The preparations contained 8-3 and 7 9% of P respectively. Hydrolysates of RNA (Schwartz Laboratories Inc., New York, U.S.A.) and of DNA (British Drug Houses Ltd.) were used as markers for chromatography of bases.
Lipid solvents. Redistilled laboratory-reagent-grade n-butanol, A.R.-grade methanol and chloroform, and anaesthetic ether were used.
Buffered NaCl and buffered KCI. Sodium chloride (100 g.) was dissolved in 1 1. of 01 M sodium acetate buffer at pH 4-0. In some cases potassium salts were used in place of the sodium salts.
Perchloric acid. Analytical reagent (72%, w/v) was diluted and adjusted to N, 0-5N and 0-2N.
Protamine. A saturated solution of salmine sulphate (British Drug Houses Ltd., laboratory-reagent grade) in water was adjusted to pH 4 0 with N-H2S04. This solution contained 1-8 mg. of protein N/ml.
Tissue preparations
Mitochondria and microsomes. These were isolated from dispersions of white petioles of silver beet (Beta vulgaris) by differential centrifuging as described previously (Martin & Morton, 1956 a) . The isolated particleswere generallywashed with 0 15M-NaCl (see Fig. 1 , Martin & Morton, 1956a ) and the resedimented material was dried over P205 at room temperature. The products from several different preparations were combined to provide sufficient material for analysis. The mitochondria and microsomes for preparation I (see Table 4 ) were isolated from ten preparations between July and November 1953; for preparation II, from six preparations between March and May 1954; and for preparation III, from eight preparations in July 1955.
Whole beet petiole. Approx. 100 g. of white petioles of beet was dispersed in 100 ml. of water in a Waring Blendor for 2 min., frozen and dried in vacuo, and then ground to a fine powder. This was finally dried to constant weight in vacuo over P206 at room temperature. Heart-muscle preparation. Disrupted sarcosomes from pig's heart muscle were obtained by the procedure of Keilin & Hartree (1947) as modified by Slater (1949) , and dried over P205 in vacuo at room temperature. Extraction of lipid8, acid-soluble phosphates, nucleic acids and protein
The following extraction procedures have been used in the analyses of whole beet petiole and isolated cytoplasmic particles. The suitability of the procedures for extraction of RNA and DNA is considered in the Experimental section.
Dispersion of dried material. The dried materials were weighed into 1 cm. x 10 cm. centrifuge tubes, ground internally, into which a ground-glass pestle could be fitted. In some later work, smooth-walled centrifuge tubes fitted with a Nyathene (polyethylene plastic) pestle, as described by Kamphausen & Morton (1956) , were used. The pestle was previously thoroughly extracted at room temperature with the solvents to be used.
After dispersion of the material either mechanically or by hand (as necessary), the pestle was washed clean with excess of the solvent applied as a jet from a syringe.
Lipids. The following treatments were all carried out at room temperature (16-22°).
The dried material (50-100 mg.) was dispersed (see above) in 3 ml. of methanol, extracted for 30 min. and centrifuged. The residue was extracted for 30 min. by dispersing in 6 ml. of 1 :1 chloroform-methanol, followed by a similar treatment with 6 ml. ofn-butanol. The residue was washed two or three times with 5 ml. quantities of diethyl ether, which was discarded. The lipid extract was made up to 20 ml. with methanol. Portions of 0 3 ml. were used for estimation of lipid P. For the estimation of total lipid by dry weight, 5 ml. portions of this extract were evaporated to dryness at the water pump and then dried to constant weight in vacuo over P205, CaCl2 and paraffin chips at room temperature.
The remaining ether in the lipid-free material was removed by holding the material in a water bath at about 600 for approx. 15 min.
Acid-soluble phosphates. The lipid-free residue was extracted by dispersion in 4 ml. of 0-2N-HC104 at 00 and immediately centrifuged at 0-2°. The residue was rapidly washed twice with 3 ml. portions of 0-2N-HC104 at 00, and the combined extracts were made up to 10 ml. Portions (0-2 ml.) were used for the estimation of total and organic P.
RNA. The residue from the treatment described above was dispersed in 6 ml. of N-HC104. The tubes were sealed with HCl04-extracted plastic sheet (secured with rubber bands) and mechanically shaken for 24 hr. at 2-4°. After centrifuging, the residue was twice extracted with 4 ml. portions of N-HCIO4 for 3 hr. at 2-4°. The combined extracts were made up to 15 ml. with N-HC104 and centrifuged at 10 000 g for 15 min. The small precipitate was then returned to the main residue material. Generally, 2 ml. portions of the combined extracts were used for estimation of total and inorganic P.
DNA. The remaining residue was washed once with 4 ml. of water at about 20 to remove residual HC104, dispersed in 5 ml. of buffered NaCl (or KCI) and then held for 20 min. in a boiling-water bath. After centrifuging, the residue was further extracted with 3 ml. and 2 ml. portions of buffered NaCl (or KCI) at about 1000 for 2-5 min. each. The combined extracts were made up to 10 ml. and clarified as above when necessary. Portions of 2 ml. were used for estimation of total P and deoxyribose. As shown later, this material may consist largely of RNA.
Total nucleic acids (NA) . In some cases, the extraction of RNA was omitted and the total NA was extracted with buffered NaCl (or KCI), as described above for extraction of DNA. Protein. The residue remaining after removal of RNA and DNA was successively extracted at about 1000 for 15 min.
with 10 ml. of N-NaOH and 5 ml. of N-H2SO4. The combined extracts were made up to 20 ml. with water. Portions of 0 1 and 1 ml. were taken for the estimation of protein N and protein P respectively. The residue remaining after the protein extraction, mainly polysaccharide with varying proportions of glass abraded from the pestle or homogenizer tube, was not examined.
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Chromatographic procedures Hydrolysis ofnucleic acids. The dried, desalted nucleic acid extracts, containing 20-30 jig. of P, were taken up in 1 ml. of 88 % (v/v) formic acid, and hydrolysed in a sealed tube in an electric oven at 1800 for 90 min. The formic acid was removed from the opened tube by drying in vacuo over NaOH pellets at room temperature, and the residue taken up in 0-1 ml. of N-HCI and centrifuged. Portions of 6-12,u1.
were used for the estimation of P, and 20-50pl1. for chromatography.
Paper chromatography. Whatman no. 1 filter papers were washed as described by Hanes, Hird & Isherwood (1952) . Descending chromatograms were run for 20 hr. at 20-220 after equilibration with the solvent for about 1 hr. Unless otherwise stated, the propan-2-ol-HCl solvent of Wyatt (1951) was used. The chromatograms were dried in warm air and printed photographically as described by Markham & Smith (1949) , the light from a 15w General Electric Edison germicidal tube being used, filtered through a solution containing 10 g. of CoSO4,7H20 and 35 g. of NiSO4,7H20/ 100 ml. Kodak standard contact paper was used.
Elution of purines and pyrimidines. The positions of the bases on the chromatograms were traced from the photographic prints. Strips of 2-3 cm. length containing the spot were cut out, together with a similar blank cut from a free lane adjacent to the substance to be estimated. At one end the strip was cut to a tapered point, on which a glass clip was placed to direct the flow of the eluate into a collecting tube graduated at 1-2 and 2-5 ml. By means of a similar glass clip, the other end was attached to another strip of washed Whatman no. 1 filter paper, approx. 4-5 cm. long, the free end of which dipped into a glass trough containing 0-1N-HCI. The paper was eluted until no material absorbing ultraviolet light could be detected in it. This usually took 30-45 min., 0-2-0-3 ml. of eluate being collected. The The concentrations of bases in eluates from chromatograms were calculated from the absorption data given by Beavan, Holiday & Johnson (1955) .
Calf-thymus DNA and yeast RNA, treated similarly to the plant material, were used as standards for estimation of DNA phosphorus and RNA phosphorus from the colorimetric determinations of deoxyribose and ribose respectively.
Other analytical methods Dry weight. This was determined after drying to constant weight over P205 in vacuo at room temperature.
Deoxyribose. The colorimetric method of Ceriotti (1952) was used. Purification of chloroform as described by Ceriotti (1952) caused variable results. It was therefore used either as obtained commercially, or, in later work, after distillation over MgO in a fractionating column, the fraction obtained between 61-0 and 61-5°at atmospheric pressure being retained.
Ribose. The orcinol method ofMejbaum (1939) as modified by Hurlbert, Schmitz, Brumm & Potter (1954) was used.
Phosphorus. Inorganic P was estimated by the procedure of Martin & Doty (1949) as modified by Weil-Malherbe & Green (1951) . Total P was determined after digestion of the material for 30 min. with 1ON-H2SO4 and 1 drop of conc. HC104 (if not already present in the sample). The amount of 1ON-H2S04 (normally 0 5 ml.) was increased by 0-2 ml. for each 1 ml. of buffered NaCl (or KCI) present in the sample.
Nitrogen. Initially, the method of Harvey (1951) was used. In later studies, it was estimated colorimetrically with Nessler's reagent as previously described (Morton, 1955) . total NA extract with TCA 10 (as above) The residue remaining after extraction of the total NA from whole beet petiole with buffered NaCl (see below) was subsequently extracted with 0-5N-HC104 at 70°for 30 min. Like the extract of total NA obtained with hot 0-5N-HCl04 (curve D), this extract also showed a minimum absorption between 250 and 270 m,u. (Fig. 1, Extraction of nucleic acids by NaCl. When whole beet petiole was extracted with 10 % (w/v) NaCl in I 956 a boiling-water bath for 20 min., the solution showed a well-defined absorption maximum at 260-262 m,u. However, the estimate of total NA phosphorus based on the absorption at A... exceeded the direct estimation oforganic P by about 30 %. Better agreement between the two estimates of total NA phosphorus was obtained by extracting as above with NaCl buffered at pH 4-0 (see Materials and Methods) in order to minimize the extraction of non-nucleic acid material. Fig. 1 (curve B) shows the absorption spectrum of the total NA extracted with buffered NaCl. The failure to remove any additional NA by further treatment of the residue with hot 0-5N-HC104 (see p. 224, and Table 2) indicates that the NaCl treatment is adequate for quantitative extraction of NA from beet petiole.
RESULTS

Extraction of nucleic acids
These results suggested that more satisfactory estimates would be obtained by extracting first RNA with cold N-HC104 and subsequently DNA with hot buffered NaCl. Where required, total NA could be extracted with hot buffered NaCI only. This is the basis of the procedure described under Materials and Methods.
Colorimetric e8timation of NA sugars in extracts of beet petiole Table 3 shows that estimation of ribose in extracts of particulate preparations from silver beet give values for RNA far higher than those obtained either by measurements of absorption at A,. or of organic P. The absorption curves of the coloured complexes obtained by the method of Hurlbert et al. (1954) suggested that most of the material responsible for the colour in extracts of mitochondria was, in fact, ribose, but considerable amounts of other interfering substances were present in the extracts of whole beet petiole. As shown below, separation of the NA from interfering compounds could not be achieved. Hence the determination of ribose was not used to estimate RNA.
Determination of deoxyribose in extracts of mitochondria and microsomes from beet petiole by the Ceriotti (1952) procedure gave values of DNA phosphorus somewhat greater than those obtained by chromatographic estimation ofthymine (see below). Table 2 . Comparison of perchloric acid and sodium chloride for extraction of nucleic acid8 from whole beet petiole Lipids and acid-soluble phosphates were extracted from dried beet petiole as described under Materials and Methods. In Expt. 1, the residue was then treated to extract RNA and DNA separately. In Expt. 2, a second portion was treated to extract total NA, and then the remaining material was further extracted with HC104. The results are the means of duplicate determinations and are expressed as percentages of dry weight. Table 4 shows that, both in the HCl04 and NaCl extracts, there is good agreement between estimates of NA phosphorus based on measurements of absorption of ultraviolet light and of organic P. However, except in whole beet petiole, the values of DNA phosphorus obtained by determination of deoxyribose in the NaCl extracts are considerably below those obtained from either of the other two measurements.
Analyses of nucleic acids by chromatographic estination of bases in extracts from cytoplasmic particles Since the analyses (Table 4) showed a marked discrepancy between the estimate of DNA based on deoxyribose as compared with those obtained by other methods, it appeared essential to examine the nature of the components in the separate extracts. Quantitative estimation of the bases in the HCl04 and salt extracts were therefore carried out chromatographically.
Since previous experience had shown that the removal of NaCl from the extracts containing DNA was difficult without loss of material, buffered KCI was used in place of buffered NaCl for extraction of DNA for the analyses of preparation III.
Concentration and chromatography of extracts. The material remaining from the chemical analyses of microsome preparation III (see Table 4 ) was used. The RNA extract (in N-HCl04) was neutralized with 5N-KOH to pH 7-0 with bromothymol blue as an external indicator. The solution was cooled to 00 and the KC104 removed by centrifuging. The supernatant, in a small tube in a water bath at 600, was evaporated to dryness by a stream of air directed on to the liquid surface. To remove the last traces of KC104, the residue was extracted with approx. 1 ml. of water at 00 and centrifuged, and the supernatant re-evaporated. With (Wyatt, 1952) . Far better results were obtained with the formic acid procedure of Wyatt & Cohen (1953) .
Duplicate spots (20-50 ,ul.) of the hydrolysates of the extracts, together with markers consisting of similar hydrolysates of authentic samples of RNA and DNA, were applied to washed Whatman no. 1 filter papers (approx. 35 cm. x 35 cm.). The bases were then separated and estimated as described under Materials and Methods.
Purine8 and pyrirmidine8 in HC104 and KC1 extract8. The chromatograms of the N-HCIO4 extract from beet microsomes III showed four spots corresponding in position with guanine, adenine, cytosine and uracil in the hydrolysate from authentic RNA. Moreover, as shown in Table 5 , the absorption spectra corresponded closely with the spectra of these bases as given by Beavan et al. (1955) . No thymine was detected in any chromatograms of N-HC104 extracts of microsomes or of mitochondria. Table 5 shows the relative proportions of bases (in relation to applied NA phosphorus) in the HC104 extract of microsome preparation III.
Chromatograms of the hydrolysate of the buffered KCI extract of microsome preparation III showed four spots, identified as guanine, adenine, cytosine and uracil by criteria similar to those described above. A much weaker fifth spot corresponded in position with thymine from the hydrolysate of authentic DNA. However, the amount of material in the eluate ofthis spot was insufficient for adequate identification by the absorption spectrum or by rechromatography in other solvents. However, the absorption at 4. (268 m/i.) was used to obtain an estimate of the maximum possible concentration of this base. The purine and pyrimidine composition of the KCI extract is given in Table 6 . Table 6 shows that the KCI extract contains a large proportion of uracil. As shown in Table 5 , the proportion of uracil in the RNA extracted by N-HCl04 is 0-247 mole/0.913 mole of material (i.e. 0-27 mole/mole of NA phosphorus). If it is assumed that the proportion of uracil in the RNA extracted by buffered KCI is the same, then the amount of RNA phosphorus in this extract may be calculated from the uracil estimate (0.243 mole; Table 6 ) to be approx. 90 % of the applied NA phosphorus. The proportion of thymine in wheat-germ DNA is approx. 0-27 mole of thymine/mole of P, as calculated from figures given by Chargaff (1955) . If it is Table 5 . Purine and pyrimidine composition of nucleic acid extracted from beet petiole microaome8 by extraction with cold N-HC104 Extracts were hydrolysed by 88% (v/v) formic acid at 1800 for 90 min. and chromatographed according to Wyatt & Cohen (1953) . Spots were eluted in 01N-HCl and the absorption curve was determined in a Beckman spectrophotometer. In similar studies of extracts of the mitochondrial preparations, the estimate of DNA phosphorus based on recovered thymine was always less than that obtained from measurement of deoxyribose.
Therefore, the estimate ofDNA phosphorus in the particle preparations obtained by measurement of deoxyribose is probably a maximum and may exceed the true figure. The excess NA phosphorus in the salt extracts is RNA phosphorus, which may be estimated by subtracting the DNA phosphorus (estimated from deoxyribose) from the total organic P. The true RNA phosphorus figure for any preparation is the sum of that extracted by N-HC104 and by salt. Ada & Perry, 1954) have shown that failure to extract phospholipids completely is a common fault of some procedures, such as that of Schmidt & Thannhauser (1945) , designed to estimate RNA and DNA as organic phosphorus.
Many phospholipids are poorly soluble in solvents such as ether and ethanol, frequently used by other workers (for example, Ogur & Rosen, 1950) . Folch, Ascoli, Lees, Meath & LeBaron (1951) found that methanol-chloroform quantitatively removes phospholipids from brain and spinal cord with minimal co-extraction of non-lipid material. Morton (1950) found n-butanol to be particularly effective in splitting lipoprotein complexes. Hence the choice of these solvents in the analytical procedure. Final washing with ether is necessary, particularly to remove n-butanol.
The use of an homogenizer to disperse the dried material greatly facilitates extraction of both lipids and nucleic acids. Moreover, the extraction of any given fraction is greatly improved, thereby rninimizing the contamination of one fraction with another.
Nucleic acid analysi. There are three methods in common use. In that described by Schneider (1945), (Schneider, 1945) , several workers with plant material (Stafford, 1951; McClendon, 1952; Oota, Fujii & Osawa, 1953) (Davidson, Frazer & Hutchison, 1951; Mitchell & Moyle, 1951; Davidson & Smellie, 1952; Drasher, 1953) . Moreover, there is very poor correlation between determinations of RNA based on absorption of ultraviolet light and on direct estimation of phosphorus (Table 1) Stafford (1951) , from tobacco leaf by McClendon (1952) and from beet petiole (Table 5 ). These findings suggested that the cold perchloric acid treatment would be adequate for the extraction of RNA from beet petiole and that any remaining nucleic acid would be DNA. However, Tables 5-7 show that, although cold perchloric acid extracts only RNA, it does not quantitatively remove it. About half of the RNA remains in the tissue. Cold perchloric acid also fails to extract quantitatively the RNA from influenza virus (Ada & Perry, 1945) or from mammary gland microsomes (Bailie & Morton, in preparation).
After removal of RNA, Ogur & Rosen (1950) extracted the remaining nucleic acid by treatment for 20-30 min. with perchloric acid (0-5N) at 700. However, Stafford (1951) showed that material absorbing ultraviolet light was still removed in the third wash with hot perchloric acid, and both (1951) and McClendon (1952) found the absorption of the hot perchloric acid extract unreliable for the estimation of nucleic acid. This has been confirmed in the present investigation (see Results and Fig. 1 ). This defect is most apparent with whole plant material. Numerous workers have employed hot sodium chloride solutions for extracting nucleic acids (see Volkin & Cohn, 1954) , but the extraction has not been considered sufficiently quantitative for analytical purposes (Davidson & Smellie, 1952) . However, Ada & Perry (1954) have shown that extraction of lipid-free influenza virus with hot 10 % (w/v) sodium chloride completely removes the nucleic acid (RNA). The extraction of DNA with buffered sodium chloride at about 1000 in place of the treatment with hot perchloric acid was therefore investigated. Fig. 1 shows that the material extracted by hot sodium chloride is essentially nucleic acid. Moreover, there is good agreement between estimates based on A ...... and on phosphorus (see Results and Table 2 ). Fig. 1 and Table 2 also establish that the extraction of nucleic acid is complete. However, by use of paper chromatography it has been shown that the extract obtained by hot salt after treatment with cold perchloric acid contains predominantly RNA with some DNA (see Table 6 ).
The estimation of DNA in the hot sodium chloride extract by measurement of deoxyribose exceeds that based on the concentration of thymine (Tables 4 and 6 ). For the latter estimate, however, the base composition of the particular DNA is requiired. Among plant tissues, this has been established only for wheat-germ DNA. The estimate based on deoxyribose is therefore taken as giving a maximum figure for DNA, which probably somewhat exceeds the true value.
It seems evident that none of the methods so far investigated for the differential extraction of RNA and DNA can be applied to any tissue without prior investigation of the validity of the separation. Estimates of RNA and DNA based on the quantitative chromatographic isolation of purines and pyrimidines would appear to be the most reliable method for differentiating RNA and DNA, but the application of such procedures is limited by the lack of information about the base composition of the nucleic acids in the particular tissues being studied.
Where an estimate of total NA only is required, extraction with hot sodium chloride solution and correction of the ultraviolet absorption with bovine serum albumin as described by Ada & Perry (1954) has much to recommend it.
Comparative chemical properties of microsomes and mitochondria from petiole of silver beet
The analyses reported here (Tables 4, 7 and 8) have been carried out on particles isolated by differential centrifuging from buffered 0'2M sucrose. The difference in enzymic properties clearly indicates that the isolated particles are derived from distinct cytoplasmic components (Martin & Morton, 1956a) . The chemical analyses of the washed microsomes and mitochondria also reflect this difference, although the chemical distinctions are not as marked as the enzymic differences.
As in the similar particles from various animal tissues (see Ada, 1949) , the lipid content of the beet microsomes (49-57 %) is considerably higher than that of the mitochondria (about 39 % of the dry weight; Table 4 ). The results for beet mitochondria are in agreement with Stafford's (1951) finding that mitochondria from pea seedlings contain 25-38 % of dry weight as lipid. However, Levitt (1954a, b) has reported lipid of 'microsQmes' and mitochondria from potato tubers as 12 and 22 % of the dry weight respectively.
The microsomes and mitochondria of silver-beet petiole differ even more markedly in the content of phospholipids (Table 4) , the microsomes containing almost three times the amount of lipid phosphorus found in the mitochondria. Lipid and protein account for over 90 % of the dry weight of the beet microsomes. These results indicate the quantitative importance of the lipid component, which is probably an essential structural requirement for the endoplasmic reticulum from which microsomes are derived. Table 9 compares the nucleic acid composition of microsomes and mitochondria from silver beet with the composition of the similar components from some animal and plant tissues. Whereas microsomes from animal tissues contain up to about 150 jig. of RNA phosphorus/mg. of protein nitrogen, those from silver beet contain about 10-24 jtg. of RNA phosphorus/mg. of protein nitrogen. However, mitochondria from beet petiole resemble mitochondria from some animal tissues. Microsomes and mitochondria from silver beet do not differ markedly in their nucleic acid contents (Tables 7 and 9 ), in contrast to the marked difference between these particles as isolated from animal tissue ( Table 9 ).
The amount of RNA/mg. of protein nitrogen found for beet microsomes and mitochondria is, in each case, lower than the figures reported for the other plant tissues. The higher figures obtained by Stafford (1951) Table 7 shows that both washed mitochondria and microsomes from beet petiole contain DNA, identified by the specific Ceriotti (1952) (Martin & Morton, 1956a) , the damage to the more robust nuclei should be negligible. A similar amount of DNA was found in microsomes isolated from wheat roots (Martin & Morton, 1956 (Table 9 ). It is unlikely that the low figure results from the preparative procedure, even though the isolated particles were generally rapidly washed twice with 0 15M sodium chloride (see Martin & Morton, 1956a) to remove sucrose for estimation of dry weights. Dianzani (1953) , for example, showed that only about 5 % of the RNA was lost when liver mitochondria were washed with 0. 15M sodium chloride. Although on a dry-weight basis washing removed an appreciable amount of nucleic acids, both from beet mitochondria and microsomes (Table 8) Cai material removed in the washing treatment may be merely adsorbed to the particles and is not an integral component of them. The microsomes are largely derived by rupture of the endoplasmic reticulum of plant cells, and consist of vesicular elements comprising a distinct membrane enclosing some ill-defined material (Hodge, Martin & Morton, in preparation) . Components of the 'cell sap' or 'supernatant fraction' may well be occluded by the microsomes on rupture of the endoplasmic reticulum, and subsequently lost in washing treatments.
Hence the washing treatments must be a compromise betwcsen removal of adsorbed material, and loss of components integrally associated with the endoplasmic reticulum in vivo. The same arguments apply to the mitochondria which swell osmotically in hypotonic solutions (Slater & Cleland, 1953; Farrant, Robertson & Wilkins, 1953) possibly with loss of some components such as nucleic acids. However, comparable analyses of microsomes from cow mammary gland similarly washed show that these contain about 0-7 % total nucleic acid phosphorus (Bailie & Morton, in preparation), whereas those from beet petiole contain less than 0-1 % (Table 7) . Moreover, the analyses of unwashed beet particles leave no doubt of the low nucleic acid content in beet microsomes. The good agreement obtained between estimates based on organic phosphorus, absorption of ultraviolet light and chromatographic determination of uracil and of thymine establishes the validity of the figures reported.
Electron-micrographs of thin sections of fixed material show that, both in animal (Palade & Porter, 1954; Palade, 1955) and plant (Hodge, Martin & Morton, in preparation) cells, the endoplasmic reticulum has associated with it electrondense granules of about 5-15 m,u. diameter. Similar observations of thin sections of isolated microsomes show that these are derived from the endoplasmic reticulum and consist of a mixture of vesicular elements and the electron-dense granules (Hodge, Martin & Morton, in preparation (Hodge & Morton, 1956) shows that the number of electron-dense granules is greatest in the microsomes fraction from cow mammary gland, less in that from wheat root and least in microsomes from beet petiole. The nucleic acid contents of the isolated microsomes show a similar gradation ( (Schneider & Hogeboom, 1951) . When only the results based on unwashed particles (Table 8) We first investigated the possibility that L-glutamine, rather than L-glutamate, might function as an amino donor to some a-keto acids. With homogenates and washed sedimentable particles of rat liver, the formation of phenylalanine was observed chromatographically from phenylpyruvate and Lglutamine, but greater formation was indicated in L-glutamate controls. Transamination with phydroxyphenylpyruvate and L-glutamate, forming tyrosine, was also observed, and from some L-oCamino acids to oc-oxoglutarate. Transaminases which catalyse the formation of phenylalanine and tyrosine were located in the sedimentable particles of fresh rat-liver homogenates, in particular in mitochondria. A preliminary report ofthis work has been published (Hird & Rowsell, 1950) , and a detailed account is now presented.
The formation of leucine by transamination is also dsscribed. Transamination in other fresh tissue extracts is reported, and more quantitative data have been obtained with a recording photodensitometer on paper chromatograms, and with bacterial amino acid decarboxylases. Observations with the same tissue preparations indicate that transamination to a-oxoglutarate is a more powerful mechanism than aerobic oxidation, for the deamination of L-oc-ammo acids.
MATERIALS AND METHODS
Phenylpyruvic acid. This was synthesized from freshly distilled benzaldehyde via f-acetamidocinnamic acid (Herbst & Shemin, 1939) . It was recrystallized from benzene. p-Hydroxyphenylpyruvic acid was synthesized by the same procedure, with p-hydroxybenzaldehyde as starting material. The solid acids were kept in sealed tubes at -150. or-Oxoisocaproic acid was prepared by the enzymic deamination of D-leucine. An acetone-dried powder of sheep-kidney cortex was prepared and extracted with O1M sodium pyrophosphate buffer, pH 8-3, according to the method of Keilin & Hartree (1936) . After dialysis against buffer, observations were made, with Warburg manometers, to determine conditions for a large-scale oxidative deamination. Then 1 g. of DL-leucine was dissolved in water and added to the bulk of the extract. Incubation was at 300 for 12 hr. with continuous aeration. (Samples were withdrawn for examination in manometers, and it was observed that a high level of oxidation was maintained for the whole period.) At the end of the incubation proteins were precipitated by heating, after adjusting to pH 3 0 with conc.
HCI. Denatured protein was centrifuged down and the supernatant evaporated to dryness at 600 under reduced pressure. From the solid residue oc-oxoi8ocaproic acid was brought into ether solution in a Soxhlet extractor. Evaporation of the ether solution produced a syrup which solidified in vacuo. The yield was poor (about 50 mg.) and it was therefore decided to use this crude product without further purification. * Present address: Department of Biochemistry, Uiniversity of Sheffield.
